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C linical implications of microembolisms during or immediately after coiling of unruptured intracranial aneurysm (UIA) have not been well elucidated. Furthermore, the relationship between microembolisms detected as MR diffusionweighted imaging (MR-DWI)-positive (DWI(+)) lesions and symptomatic ischemic complication (symptomatic ischemic complication [SIC] , transient ischemic attack, or stroke) has not yet been studied. The aims of this study are to evaluate the risk factors for SIC and DWI(+), and the relationship between DWI(+) and SIC after coiling of UIA.
Methods
The respective institutional review board approved this retrospective study and waived the patient's informed consent. Between March 2009 and November 2011, 342 patients with 382 UIA underwent both coiling and MR-DWI in 2 hospitals. During the same period, 54 patients who underwent coiling were not examined with MR-DWI because of the patient's refusal (n=50) or procedural rupture (n=4). Microembolism detected as DWI(+) was defined as a highsignal-intensity lesion ≤15 mm in diameter, according to the imaging feature of small artery occlusion of TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification. 1 Territorial infarction due to a branch occlusion was separately evaluated. SIC and MR-DWI were separately and independently assessed in each institution. The incidence of and risk factors for SIC, and the relationship between DWI(+) in the relevant brain region (the brain parenchyma supplied by the artery, where the guiding catheter was located during the procedure) were retrospectively analyzed.
Statistical Analysis
Statistical analysis was performed using SPSS for Windows (Version 17.0; SPSS, Chicago, IL). The χ 2 test or Fisher exact test was performed for categorical variables, as appropriate. The cutoff of the number of DWI(+) for predicting SIC was obtained using receiver-operating curve. The univariate analysis cutoff for inclusion in the logistic regression analysis was P<0.20. Statistical significance was determined as P<0.05, for a 95% confidence interval.
Results
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infarction on MR-DWI. The incidence of SIC was 3.5% per patient (14/396). Among the patients who underwent MR-DWI, the incidence of SIC was 4.1% (14/342). All SIC developed within 12 hours posttreatment and were associated with the relevant brain. The ischemic symptoms were most severe at the beginning, but improved with time in all patients. The 1-month modified Rankin Scale scores of the 14 patients were 0 in 6, 1 in 5, 2 in 2, and 3 in 1 patient, respectively. The incidence of DWI(+) was 54.5%. The number of DWI(+) lesions was significantly larger than in the SIC group and in the asymptomatic one (12.1±10.4 versus 5.0±8.7, P<0.01). The cutoff value of DWI(+) for predicting SIC was ≥6 (sensitivity 85.7%, specificity 70.7%).
The patients with DWI(+) ≥6 was 28.6% (98/343). Of the patients with SIC, the patients with DWI(+) ≥6 was 78.6% (11/14). Patients aged ≥65 had a trend for SIC, and it was the only independent risk factor for the number of DWI(+) ≥6 (Tables 1 and 2 ).
Discussion
Although a few small case series reported the incidence of DWI(+) after coiling, 2,3 there has been no report about the clinical implications of such lesions. In this study, the number of DWI(+) was significantly larger in the SIC group than in the asymptomatic one. Furthermore, we found the cutoff value (≥6) of DWI(+) for predicting SIC, and these data support the higher rate of microembolism detected, as DWI(+) may be a surrogate marker for SIC.
According to ATENA study, dome size ≥7 mm was significantly associated with the rate of thromboembolic complications and patients aged >60 showed significantly higher morbidity and mortality rate on univariate analysis. 4 In our study, dome size ≥7 mm and neck size ≥4 mm were significantly associated with both SIC and DWI(+) ≥6 on univariate analysis, but neither was associated with SIC or DWI(+) ≥6 in the logistic regression analysis. It may be because of low statistical power from low incidence of SIC (Tables 1 and 2 ). In contrast, patients aged ≥65 were significantly associated with both SIC and DWI(+) ≥6 on univariate analysis and also had a trend for SIC, and it remained the only independent risk factor for DWI(+) ≥6 in the logistic regression analysis. These data suggest that theoretically more baseline atherosclerosis and vascular tortuosity in the older patients may increase microembolisms, and in turn may increase the probability of SIC. 3 Additionally, it is notable that DWI(+) lesions ≥6 was significantly higher in stent group on univariate analysis, and its P-value was close from significance in logistic regression. Contrary to expectation, antiplatelet premedication significantly increased DWI(+) lesions ≥6 on univariate analysis. Until late 2010, antiplatelet premedication had been given only to patients who had undergone stent-assisted coiling. However, stent itself may increase DWI(+) lesions ≥6, which seemed to be a compounding factor.
In conclusion, the number of DWI(+) lesions was significantly larger in the SIC than in the asymptomatic group after coiling of UIA. Patients aged ≥65 had a trend for SIC, and it was the only independent risk factor for the number of DWI(+) ≥cutoff value for predicting SIC. 
